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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a quantum 
semiconductor device containing a quantum dot and 
showing a sharp energy spectrum corresponding to a 
quantum level. 

SOLUTION: A heteroepitaxial structure, with which a 
distortion system is formed on a substrate 1, is 
repeatedly deposited on a substrate 1 pinching an 
intermediate layer 3a, and a bunch of quantum dots 3b, 
which are in alignment in a vertical direction, are 
formed. In that case, the thickness of the intermediate 
layer 3a is formed substantially smaller than the Bohr 
radius in such a manner that a single quantum dot 3b is 
vertically formed by quantum- mechanically coupling of 
the above-mentioned bunch of aligned quantum dots 3b. 
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WEH-ysuBa : » i <Dfttt&&ttzm 1 <o*sn* 

*SS<fct)ft!). Sv^»0iibWlStifca»O*IIIBi 
lilft**2(0fi?«a4fiL, fufBIg l <D¥*f**gS 

MIHaaottiraWO^tt+^UTeOB o h r*gtt"F 

[w*^ 5 ] mmm^m^- K^h^Mtii n a s 

£DftD. autB«SO*fflJi<7*&*l±G a A s £ D ft 
«HE*»O*IIMi<0*^a3 nmWT* lnmW± 

6 ] mcvfto^mwoft^ tt, » 2 - 3 n 

[11*9! 7 ] fuIB^aoS^ K y h (ilnAs 
<fc D ft K> . (tuMB^O^/l^^ tt I n P cfc 9 ft t> , 
HulBSiS^*PBWcO&4?ti7. 6nmttT©)IS*St 

IBlcO«^**»SMo 

cw*3S 8 ] mmm^m^ K^h^iiA i s 

b, InSb, G a S b<fcO»fn, HulBSa^HJl 
<0^liGaAsJ;!)49, SuiB^ao^RBJlO^tt 
8. 7 nmWT^f tSC^^attSISSS 

Mo 

ClfjRJl 9 ] HufBffia^fi? 1 F y h <D&* G a I n 

fto, mm&(o*mm(D&*ziZ4ft?mft&rF<Dmz 



(2) 1# M¥ 9-326506 

csi*^ i o ] mmmcom? F7h^(ii n p 

£94$, MI5ffl»0*M»OS^« I nGa P £ 9 ft 
MU&fll l] HufBa»<0*fflJB<OS><?fc:*5V>T. & 

j*Stifc»l<0*^y FB4: ; mz&l<0*?v K«± 
/£<*tU fulfil 1 (Dt?^>y h'mttftLTm 1 <D»«^<9 

u T*tuiESttiifcaA"r«* i ©sifc ; huib^ 
frLxm2 (Dmnmo^-Y u T^tstBSffliuiaA-r^ 

ffi 2 com® k J: D ft *4«tt583^«fc:fe^T, 
DiBUaMiStifc«»<0+IIMIi: : »*<Z>*HJJi+fc:JB 

8ulB«ao^HJBO#^Ji:*3i/^T, S^lf K7h 

io #i*S*0±ffitcSttft^l^(c, *RWfcH»UU 

HulBttaoififflB^^tt*^ UTOB o h r^lttT 

Mo 

im^mi 3] wE«aoi*>flMi<D»4r«±, huibb? 
40 m^mwmm. 

1 2 1 3 mm<Dm^^mwmm. 

±±fflmi)L t^M^t^IM^ l 2-1 4(0? 

1 6] mtmWL<DW=?Yv h^MfilnA 
s<fcDftO, *9Eltao*M*0*^ttGa A s<fcOft 
0. MIHl*aoi1 j raB^»4f«i3 nmttT, 1 nmW± 

so <Dffi.m<Dmz*mT&c zm^m 1 2-1 
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nm©IEH©JPS**r'rScii:*«Fai:-rsi«»3Bi 6 

CW*« 1 8 ] mjfB^S^S^ K -y « I n A 

s J: 0 ft 0 . Hufe*»<a*fflJi<0&* tt I n P £ 9 ft 

^-rscfc^wafc-r^fli^i 2-1 5<oot>. ^-r 

9] UIB*»Ol?F7 h^^^A 1 S 
b, InSb, G a S b^SJgfcfn, HufE*»<0*HJl 
<0&*&G a A s £Dft?K MiB«»©*ffl»©#*fcfc 

8. 7 nmttT^jps^-rscfcswafc-rstt^B 

Mo 

C»*3S 2 0 ] 9jK«S<Z>«? KyHO*^ttGaI 
n S b£DftD. H(JIBa»©*K»©*^«G a S b * 

***"TSci:*W«i:-rsi»*« 12-1 50^, 

iMMm 2 1 ] wteaaoa? f *y f <d#* iii n p 

£DftD, HuElt»0^fflJlO«-/?« I nG a PcfcOft 

zntzftWLtirzffijRmi 2-1 50^, ^-rn^ 
2 105%, t^-rn^-aiHWoM^aMtsiio 

[M#£ 2 3] i?Fv MSiB*:«*rB^¥»f*«K 

(a) ¥mfomfa±ic mm^mwmmcMLrm^ 

( b ) tut ^mfomm±ic . mm^- f v f ttm a «* 

ate, WfE*S»(*S«^WLT*?SI'&-rS^#(tJl 

(c) «HE*™±fc:, iWWE*»*SWEfc:»LTffi* 

(d) Hutexs (b) t?»ricstircHuia*m«±^, 

fufSXg (c) T-MStiZ-ci^Kyh*!^^:, 

iexs (c) fc^t/xg (d) t±, »t>igu 

fj^tiitulEXS (b) fc'Wli (d) tc£>i>T. iiufB 
■y b^ffi^ D $>mmmc'\^ < RS**i* C 

im#m2 4] tstexg (b) *5<fctf (d) tc&o 



(3) »BB¥9-3 2 6 5 0 6 

So 

5] tuSKK-y F<D&*& I n A s J; 0 
ft 9, WIB*HI»^a-^«GaAsct!?at), fiulEffK 
B^*^ii3 nm«T, 1 n m&Lt<DWm<DmZ 

*ct*w«fc-rsi»*«2 3SftB2 4te*ofi^ 

70 [li*3S2 6] Mie^HS^^ti, *^J2~3 nmO 

lnmm2 7] tufBS^F^ F<?>&*& I n A Sett) 
ft 15. HfifB^H«0^^(iI nP^DftD, HufBSao 
4^HO&^te7. 6nmOT^m?.C^^ 

2 8 ] tuIBfi^ F ^y F it A 1 S b , I 
nSb, G a S bcfcDSSfcfft. mttfSfSO&ttltG a 
20 A s ctOftt). «HB*B»<0*4rf±8. 7nmWWf 
S*frrSCfc*tt*fc-r*»3#B2 3$fctt2 4 8BK 

[»S«2 9] ffiffea^F^ hO^tiG a I n S b 
ctt)ftt), mttfBmcD&*l*G a S b £DftD, SufB 

k*»«k-r*i(i*a2 3*fct±2 4tB«^a : ?^i* 

[|»3»H3 0] MfE»? F*y hOg^(i I n P£9ft 
0, Mia*H»0«-€?« I nG a P*0»0. fufEMi* 

k-r*KI««2 3 *ftli 2 4CMOi?¥«(HnoH 

ct zn&E 2 3-3 o<D^, ^-rn^— 

[W*3H3 2] tufBXfS (c) (d) (i2 - 1 

Olsio«5HT«IOig$nS(li:*«F«i:-rsW*3S2 3 

^0 -3 \<do%, ^rnfr-mm<om^¥mfomw<r>m 

[0 0 0 1] 

cawojH-r «*c*»*8«tc 

50 to^SJt^WpWawia^qittWffliH-rsftA, tt^ 
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[0 0 0 2] ^S + ^UTOglBti&fe^SeJtlJtftft 

So 

[0 0 0 3] Sfc, WSl?Kyh«Stt, x*;M* 
[0 0 0 4] 

teMO V P Effi*ffioT--3*^^U7JiOB*c:|^c» 

tt i ^Tca^FidJB**? tr-^u 

[0 0 0 5] fCT, i?F7MIICO^T^, CCD 

[0 0 0 6] C*UC*tU I nAs/GaAs m<Dm& 
^-rnxif^^^^^HSigtcfct^T. ^rnxe^^ 



(4) *$P»W 9-326506 

^■v;l/^c5cOW^tcaiJg-rSl^^>S S -K (Stranski 
-Krastanow) FSl^'Jfflt^C <htc J; 9. gffi± 
fctHEfcWBLfcB^T^FFy hiS^Mt^c 
fc#T?#*C£#»l5ftT^£o MAfcf* GaAslS 

I n G a A sI^S^l, MB E f£lc<fc Dtf^li^S C 
£ tC £ K> . ififi#* 3 0 ~ 4 0 n I n G a A s cDStf 
G a A slSiJcM^n^C ii^^tlTt^ (Le 
onard, D. , etal. , Appl. Phys. Lett. 63, pp. 3203 - 
10 3205, 1993) 0 A L Effi*«otIS*M 5-2 

0 n mgJgO I n G a A s ^S^:, G a A s S«±^C, 

1 o o nmm&tDmm^Bf&vzzcttim&zftT^ 

Z> (Mukai, K. , et al., Jpn. J. Appl. Phys., 33, pp. 
L1710 - L1712, 1994) 0 MOVPESia^ 

& (Oshinowo, J., et al., Appl, Phys. Lett. 65, (1 
1), pp. 1421 - 1423 (1994) 0 
[0 0 0 7] frfr&&fr&^TU^\±2*zs*j\,ffij&lc 

ff^^n/c*^F^ h^«Jfi^o-bXk:cfcO»fl|*»t 
l)Ci:t^\ mi?H'; hfcttlsX&y * WI>5 
(PL) fc»J^£ftT:fctK 1. 2 e Vftifi 

£tlT^£ (Leonard, D. , et al., op cit. ) 0 
[0 0 0 8] 

(FWHM : Ful I Width at Half Maximum) tfftSWfc: 
&8 0~ 1 OOme VgJK^iGHfcffitfo T L * -5 KB 

^F*y hOP Lffigti 1 . 1 |imSS7»$!), Ttiifffc 

si/HiTfeifffijaa-e— asw^^^nri/^s 1. 3 

ttWJW-TSC fcA^SS^ H4rOif F 

[0 0 0 9] HfilC&oT. Farad ffi (Farad, S. et 
al., Appl. Phys. Lett. 68(7), pp. 991 - 993. Februa 
50 ry 12, 1996)tJ\ I n P««±iCtt?B^ LT*M*n 



-4- 



7 

ft A 1 I n A sM7 7 7i±0 I nAs<fc9&£S-K 
^-KiiFK'yUco^T, 1. 5 p mfl?*) P Liffifi*: 

* F;UDFWHMU: 1 1 Ome VU±fcD. 

F >y F eOiS[«*i]»t||HW«:H«|tfao Tt^ C fc 

[00 1 0] C(D£51C, ft*<OS-K^— K4>B?K 
■y FT&, j£ffl±SBft 1. 3/imSfe5Wil. 5 \i 

ft, RHET<DJ:-5%»?SBtc^^Tt>|p|««:Bfl)a^ 

[0 0 1 l] WtScOHIH*(WStbrc 

ttSBfcite^T, ffM£n&S^{£^f@^a^F>y 
tf *p £ »^ ¥#{*£B©«E?j j£**{ft-f « c fc 
[0 0 12] *fg0^coffl^@W«, SWcB^^Wfc 

[0 0 13] 

C»S«:»»i*r«fc46^¥l8] *58Wti, ±EOKJH 

tuf2^1^*««S B B 9 tc^LT^^^^-r 

¥«ft««OiB5k:Sit*^riRlfe:, *Ktftfc»yi|U fu 
E«»O^IHB©ft*«:** U TC0B o h r ¥S«T© 

<*SBtcJ;!) % Sfctt»j£^2fcEBLft<fc3fc:, «8E 
1«RO*IBB<E>«-4tt. MEB^K-y F^IMSl/c 

^^s^-r^ii^ i tmoim^mwmmic&o, 
$ ft a MjRjh 3 tc e« u ft £ 5 N Hut m^Komi 1 k >y 
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fc*WBfc««l#SI S^tt2EK^»?¥*tt«B 
g^ttib»S4lcEBLfc«fc3fc, Huia*H* 

f*^Btc£9, SftttW*«5K:ia«Lft<fc'5tc, flute 

^F^JicD^teG a A s cfcD&D, WIB«»0*HIB 
C0^te3 n mUTs 1 n mL;LL<DtBH<7)JP2 #*rr & 

KoB^SW^BtckO. £ft&M*16tcfE«Lft 

iof^ *frr m&m 5 1 ei^i? 

¥SW*gB£<fcD. *ft«»jR«7£E*LftJ:3fc:, 
tufSitS^m? F >y FcDS^te: I nAsJ:D^0, fluE 
aftO^HJiOft/rtt I nP<fcO&tK huEJS&£>*H 

20 aiS(Dfi^F'y F A 1 S b, InSb, GaS 

b cfc DStfft, MfEfflt^4^Jf O^liG a A s cfc 0 

^W*3HlE«EO«^»*«B«Ccfe5^ Sftf±W*3S 
9tcfEKLft£5tc, huESISWS? F y F<D&*tiG 
aInSb£D%9. H9El*»^*fflB<0S^ (£ G a S 
b^D&D, IDGjlS(04>IUO«^ 14 4 »?14M»T 

30 ill 0£E«Lft<fc5k:, WE»»Ol?F7F^ 
fi I nPJ;0a^ fluE«a<0*ffBB<D#* iilnGa 

n^-^EKofi^^ssft^Btct 5 , afttt»*^ i 

l tcIE«Lft£5tc, H9ffi«3RO*HJlO«^^fev^ 

^^nfr-mzvi^m^^m formic 

cfcO, ^ftaii^iii 2tcfB«Lft^9tc. ^»(*»« 
^o h ; HuE*3»ft»S±^«**nftS KDt^vFM 

t ; msai i y KB±«cflg«?n. b^«bs*# 

^rSttili: ; BufSffitt»±tcjgj£2nftSB 2 F 
Hi: ; »E*»#aMR±u:*«Sti. ME^ l ^^^«y 
KB*^LTS 1 OW«ia<0*^U7'*ttEjgttJlfctt 
Af^^lcoaSi: ; HufE^2^^^^y FlltM? 

^iB^ 2 £0 ^ ^ y kb*^> Lxmz cDmmmo* * 

U 7*WESttJl»c:aA-r*SB 2 tOBffit <fc o ^^^s 

k«HF«6t«* l 0*?5£»**rr&SB 1 
50 0 B 0 cJ;D^D, Sl>*c»t)igL»Ul^nft«[ao*MJi 
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£ ;**©WWB4nc»ric;£*u MESSi flXfrf^a 

ttSfts^ott^jgaswu mess 1 ^^ftsii 

m<om^ K -y h £ ME«a<04>l«B<0** tcfe 

tc. URttfcffi&JU «rE*ao*MB©**«:**U 

ao¥«M«£S * 0 ^ £ c 4: #*Rf« 4: f £ 

BfccfctK 1 3k:E»<L/c<fc?tc, MEa 

*fc{±W**l 4fcE«Lfc<fc?lt:, WEaftoa^K 

EflHB'OS^tt, ^aWtc^a&lilSStsci: 

*«F«fc-r«W*Jfil 2-1 4(Dot>. V^"ftl^— 3BE 

M<DB?¥#f*fififc: cfc 0 , * fc l 6 kit eik L 

feci: -9 fc. BuEtKftoa? F F <D&*t It I n A s <fc 0 
^D, ME«a©*HB^£*fcJ:G a A s tu 
fE^<D*P*W<D^ & 3 n mKT, 1 n mt;U:<OS5H 

off^fewrsc^swa^-rsii^i 2-1 505 

i*Sl 7tcl2KL/ci;*9tc N miE«a<D*BB<0&* 
fa2-3 n m<D«IH<Dff S^^tTSC fc*«f»fct 
SsS*^ 1 6Eft£>B^¥#f*Sfifc:cfc 0. 
Si 8KE«Lfc<fc<5fc:, WEaa^B^ F>y 

a 1 n a s cfc t) a 0 s mm%L<Dtpmm(D&*t it 1 n p 

*iEa»0*BBBO«/?ti7. 6nmOTO 
»S#^*ci:#Wtt4:^SW;JtEi 2~i 

v^n^sEiioa^^aifl^Bfc-ko. sfctt 
$mmi 9ictEmLrc&5ic, mE«»^a?K^ f<e> 

g^(±A 1 S b, InSb, GaS b<fc t)igfcf*U BuE 

h-r^>gi*3ii 2-1 5co^^», i/^-rn^is*ri 1 ie«c 

mJEaft^a^F^ F£>g.*&G a I n S b£ 
0 a t) , mMm%l(Dtpmm(D&* {iGaSb^D^f), 

&c £&&&£-? %>n$tm\ 2-1 5^3^, t^fn^ 

-3HEKoa^W*SBtCcfcD, J/cl±affi2il: 
EScL/c^?^ BOE*»<01?K'yhO#4rtti n p 
iD^O, WEaao*BBO*^« I n G a P 
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%ct%¥fmt'?z>%mm\ 2-1 5^9^, ^tn^ 
-JSEKofi^aft^fifc: * 0 . s fc t±»*s 2 2 tc 
EKLfciafc. ME«a©*mB<0#*£*5^T. * 

^<oi?K-ym, Rtt-rs^Hji^o^jES-rsa^K 
>y h^rp^fbtn^c^^^t^ii^ 1 2- 

2 1(05-6, ^^n^-SEBOB^^NWSKfifcJ: 
tK $fctt»jj&H2 StcEBLfc*?**:. i?K7FS 

(a) ¥»f*S«J:fc:, ME*SI(ta«fcWLTffi* 

(b) flOE¥»f*»«±fc. ltBl?Kyh«:«3ct 
HuE^itSffitcWLTftytt^-rs^ttB 

£\ *WBfcLTxe**^ + ;l,jSK^--5Xgi: ; 

(c) *jEfB*±^. mz*mi*mmcttLTm& 

(d) SuEXS (b) T?»j«£njfcHuE*IWB±fc:, 
fuEXg (c) T*«Sn/'cI : fK7 h*«3J;5»c:, 

Eli (c) JsitfXfi (d) tt, iOIU XHfcil 
ftSftfflEXS (b) *5<fctfXg (d) tC&^T, ME 
*l»B<D»5l±> g£j£6Lfc4#£fc:*5tt&^Efi^ F 
•y hOS^ctD t^K^tc/jN^<|§^^n^c^^#^ 
^*rSB^#»»BtO«it7?iSJCcfct), £fctt«»*B 
2 4tcE<8bfc«fc'3 ^> fufEXg (b) fecfctf (d) 
fei^T, ME^IBBOitaKcfftv WIBi? K^htOK 
**»>L, huE4>MBO»«^KW^L<«:SC 

^(iGaAscfc^d:^ huE*HB<D**&3 nmJW 

W*iS2 3Sfcti2 4E«Oi?*»i*»i©Ha^S 
tcj;0, Srcttlf*S2 6tcEKUrccfc^ic. tute^PB^ 

«F«£T3MjRjE2 5EttOB?¥fff^BOHifi^S 
tc^O. *rct±l»*3H2 7(cE(8Lrc<t-5K:. SuEfi^ 

1 nP^D^D, iiuEaa^lHB^S* 7 . 6 n m 

«T<of ztt^-r&ct tt&m. t~t& m^m 2 3 g rc a 

2 4E*OB?*#t**B<DHifi^ffik:«J:0. 

*iB2 8k:E*Lfc<fc5*c, tuE*^F>y hO^&A 
1 S b t InSb, GaS bcfcOStftl. tufE^rB^/B^ 
S^(i:G a A s ME*FflB^^ii8. 7n 

«2 4E*©B : F**(*atBOKJB*ffitcJ:0. *rc(± 
»*312 9(cfE®cLfcJ:^tc, WEKKy 
50 GalnSbctO^D, H<jE4»HBO#>e? G a S b £ 



-6- 



// 

telEKLfccfc-Slc* flufcilif K »y F 0>§^ & I n P <£ 9 
4 9, Suie^HSOS^ti I n G a P £ D & SJfB» 
!$£>*[Ifl«<Da-* fi 5 n mWTOf^^S-r^ C ^ 

*y F 4: T 7 n ^ ffrT £ iffllg^^O c t t?Z> 

$mm 23-3ocd^, i ^nfr-mmcom^m 

Jc-Mc, tufexS (c) feJ:tf (d) ti 2 ~ 1 O0^Ig 
H-e»?)ii^n*ci:^«Fai:-r«|»*^2 3-3 l (D 

[0 0 14] *»«<OBlSK«t«o #fgBJi<E> 

«?mi?f7 fsbu^, mmm^-bv F*«aM& 20 

J§3\ ±1^1? K >y F TWO*? F y b tlcM?^ 
%ffiMt%:5£&Lr£ (Sugiyama, Y. , eta I., Jpn. J. App 
I. Phys. 35, Part 1, No. 2B, pp. 365 - 369, Februar 

y, i996) 0 frfr&m^Fv hcommz. Tmvm^-bv 
b *h»j&/u fc* mm * Butea^ f -j b tc «jc l t m 

^^mm^nrc^ic±m(Dm^by f sia so 

[00 15] Hlti, ^§i?K7 F^Sft^cStctt 

-To Hlft#Ba-rSfc, 0^O»Sfi?«5g3ti. Ga 
A sift I CO (1 0 0) ^±lcmZ 4 0 OnmTffc 
nfcG a A s M7 7 7l2±(cM?n, 8MB/ W 7 r 
W2±fc*9iIL«»£nfcG a A stfflS3 a 

[00 16] il^ct^CLTGaA s^77rl2±fc ¥0 
itlfi^nrc I n A slli, Ji2tC^LT7%SSS>5:S 

tC&^T I n A sIOxt!^ + y^;l/li?:«l$^§i 

-KiaSInA scOS^S^U, ^<0^m=F F 
7h3 b^Mt§ I n A s©l*m tulB/Vy^r 

Jf2 Affile BrfZZfL&o 
[0 0 17]HSOia-ett, £6tCG a A s*P H 1/g3 
a^!3 b^Jga&&£?tC2«E>tCtfMS£n, &3b<D& 50 



*fffl¥9-3 2 6 5 0 6 

/2 

btt, ftSWtC(i2 0 nmgja^fli: 5 nmgJg^iS^ 
#;&u F^> 7 T'^^l^rBll 3 a ta^ni. 
c^fc^D, +^UZ*3^7cWlcEHi;jii6Sfi^F'y 

[0 0 18] Jfcfc* W§I?K7 

-r^c^tCc^D, a 1 ? f 3 bttmsL \ <o±micmm 

ttmc&Vlir&mM&R&lsrc (Sugiyama, Y. et a 
I., opcit.) o cnti. ft(ckI£0£Lfc£?tc. ^ 
m3a<Do%, i?Kyh3b«B5»»lcti, ftf^ 
SE^Cff9S*^#«LT*5t). fcTS2II, !g3 
lgiOI?K7h3b^Mt§i, T/i^RMS 
a<D5^, frfr£T»<D»?F'y F 3 b 'grfl? 8B#tCig 
tRWlC I n A s<DS^S^US/£:A6T*feSi:S»^ 

[0019] ^^^tii^iiiTii, mz\z^ 
m¥b*ybcomtf*Mm<Dmm£Kicmtt 

a&Ztfm^bv b 3 btt, V^nfeM B E ffile <fc t) > 

[0020] B2*#Hirste, 

fT&ofcfg^ (Sugiyama, Y. , etal., opcit.) Icjo 
lf&&5lC. iOTWWJi 3 a<DW £d£r l 0 nmCSS 
L/cJf^ ^lciignsi?Ky F 3 b<0SA^8Ul 

HutE*RBJB<Dff $ d «\ Si/SSL/tafF^ 
F<DiS2 (5nm) £ 0 fc»l^ 3 n mlC»SLfc#S\ 

®3 a^d^3 0 nmSjg£rte*£^fcii^lC 
fe. ^§I?H7 F 3 b©S<Dit*©H»i£D& 

[0 0 2 1 ] 13^ A^^TWJO*PhW3 a±icnm 

[0 0 2 2] 0 4ii, ^^ilS a^: 1 0 JifBH Lfctf^ 
8±10i?K7h3bOifc, tBi3aOSJ 
fc<DH«**fo m4%^M-?Z>lc. WM3aO»? 

1 0 nm£L/cti-a\ 1?F7 h 3 b^iS^il 
fef KS^OtfWo COi^ 1 0/fgtC:Jo^ 
T, If K7 F3 b^lii4 5 nmi<(Cit^ 0 £ 
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ttSafKy MBSfc* tB13aO«*10nmi: 

[0 0 2 3] -75, 0 4 cfcO, *W*3 a<DJ¥££5 n 
mWT, fift3nmt(T(Ct5i:, if K^h^S 

3 a<DmZ%:5 nm^T, fficSnniTOLfc 

[0 0 2 4] tt±OlS«tt. 0 1 ^-TWMf *^3 

^iCcfcD. Ti^if F 7 h 3 b tcIW LT6t^^±i 
©if H7h3b*M$nsci:*^to ccdJ;?^ 
*HJ13 a^Wt'JTOB o h r ¥f£ (G 
a A s T'ti 1 2 n m) £ 0 &HfSWtC/h£V>/c*6, TJS 

F> F 3 b4H<:iiAU Sfc^iEfcXT, T/f^fif 
K7 F3 b^il^if F7 h 3 bfcOffflteaf 

[0 0 2 5] — 2u *FbW3 a<9/PS>Wfi 1 0 nmtS 
0 3&£(Wi0 5fc*rTJ;5^ i^F7hf 

3bi:±l^lfF7h3bi:^ ^£fcfci#tJEL£< 
0 6U\ 0 1<Dffijifif«3g3^*rt 5 FffiTEM 

[0 0 2 6] B6<fc9fc>frS<fc5fc^ ■^OlfF7 F 

if F7 F3 b«D^^«^*)^:#<ttXfkLTV^ftv^ 
J;^^§ 0 07 (A) - (D) i l ^iiif 
«j£3Jc:fc^T, Wli3a^d^3nmi:lfcl 
£r<7X ftrfnifg, 3ig, SSBfccfctfl Oil 
^M?tl/clf F7 F 3 b CO A F M (HfM^KIU 
ft) {t^^-To -TJ&t?^, 0 7 (A) — (D) t£0 2tc 

[0027] 17 (A) - (D) ^#Err&tC. 0 7 
CA) fcjjrT lll^if F7 F 3 bte. 07 (B) - 
(D) (C^t 3l@W^if F 7 h 3 b d: 0 t 
(C/]n^<. Jfc^£OSt^^ft if F7h3bO^ 
5 £><fc tflBKtt. 3ii OSMURttd <h A EmtLte 

[0028] cntc*tu 08 (a) - (d) 

l3at0S?d^l0nmi:L/cl^ ^ft^ftlM 
3/fg, 5lgfeJ:C/l 0l§{:M^n/cIf F 
«y h3 b^AFMft^-To -r&fr^ 08 (A) ~ 



(8) «PIIB¥ 9-326506 

(D) (±, 0 2^fcV>T, J?2d^ 1 0 nmlcm^Lfc 

[0 0 2 9] 08 (A) - (D) £t)£>frZ&olC, & 
Eg^tl^Mf F7h3 b^A^^ii, »/fWifT<h«tC 

^t, fmcff^if F7 h<?)ifiW>t§o tfco 

T08 (D) tC^-T 1 0I@(7)#- OSf FlC*tL 
T, 08 (A) KTFilr l mSVlt. U»Ol?Kyhtf 
WlS-TSJ: -5 4*^41;, cn^if K7h^ * 

[0 0 3 0] H9(i, W1l3a©f?^2nm^LT 

«f f >y f 3 b * 5 wan Lrcm^mmm^m^. 3 0 

<DiP2^3 nm^LTlfF7 F3 b* 5»H/iLfci§ 
^^Siifiifi 3 ©SMB*^ «BB T E MafJlTf « 

[0 0 3 1] @MlU:ifF7h 
20 ami, K±OT EM^Xi^M <fc5fc:* *BBJfli 
»>t^c^Mt§c Sfc, Lti(cflt\ If F 

>y h<Dmt£i**wn0)m2fcMJtmcmi,<#;&o 

ccDcfc^^WjgTni, if F7F^ *<DW.±<Dm 
fF7 hfcit«*c»«LTl/^5pI86tt^*So 
[0 0 3 2] l/i, 09, 1 OcfcStofr&^olc, ±H 
©if F7 h 3 bte, Mt§Tl^If F7 F3b(c 

it 2 nmSWmtt), ±T^^JL/c«f F> F 
3 b&5l^^m^-£C^te:£:<. «J1«^« 
fiftSCfcAWSo C<E><k3lC*H»3 a<Z>JP 

S*lf K^y F 3 bO)«$fcB^L<»^Lfc*"eti. 
Ktclf K7 F3 bAliOlfK^ F3 b^ffl^cg 
«H±lT\ Htc 1 -21gfJi<0*mJ13 atfSSLTfe, 
frfr3*|IBJl3 a^^lf F7 F 3 b^rfflSffltf^iB 
HHfiite. if F7 F3 bO*SS«iatc*fjSLT«L< 

40 fiii^oaf #pJltc*5^-5J;-9^^n— - -y t: • 
lESiS^l&kiffiWLfc— I^If Fvy F 3 b«, *+u 

r^^T->->-v;w^j r £H»-rs f >*;i/Ss&*^ft < 

T^>. ^(C#-£Oif F7 h^Mt^t^^^K. 

i/^JKOSm, iltOlf F *y F 3 b i:TI^if F >y 

[0 0 3 3] 0 1 Hi. 0 1 ©«Waf«)g3{C*>l> 
50 T, ^PbII 3 a J: Olf F 7 F 3 b ^ 5 i»l l/c« 
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igtCOl^T, 7 7KTO7^h;R^7t>X (PL) 
h>l/£ffi£LfdgS£^-r o 0 1 l£r#err& 

LX^^ h;l^*4fBc<> ^/c^^(ct£^oT4oO. f@ 
^©IfK7 F 3 b<0*£2*cfr&9O*£So#tffe£ 

[0 0 3 4] C*UC»U *HW3afc<ktf« : FKvF 

^7ht5o C*i*4. SMI^nrcltR^M^Fy F 3 b 

/S-T^C fc*5*i*-r&a^ W1l3a(Df^2 0nm 
fc5^{±6nmlg^L/cl^ P L h° — ^<£)i|Jlf4 

[0 0 3 5] — ft, m 1 i *4, 4^/13 aCDJ¥£^3 n 

lc«<45Cfc*^UT^«o "Tat) -6, CKOck^to^ 
HJJ13 a<QJPS*\ ^t§i?K i y h 3 b^iS^^E 

t), ±T^«®L/cB^F«y F 3 bfflS<£S?7^W*£ 

[0 0 3 6] 0 1 2*4. ffHJ!3 a<0j¥2^3 nm^L 

Oifl^^to 0 1 2^#Bg-r^tc, 4^1/13 acr>J5£ 

P L l£— Jft 1 . 1 3 e V^X^;l/^C*5V^T?f e 
tlSOtffcfrSo «WlH»*it^LT 5 HI fcL 

bM8fi»c5/7ht«o cmt 

*c cfc t) ^HcM^ t^Wc^ Lfc*S<a*? F ^ F 

[0037] si 3&, 0 i ic^tmmm^-mm3ic^5 

^T, Jt?K-y F3 b*5*«Jlbrc«-&fco^T. f§ 
P>n/cP L If— ^CD^ffitS (FWHM ; Ful I Width at 
HalfMaximum) €\ tpKM 3 a d OIS^^ LT^ 

To 0 1 3«fcf5^*^J:-5^. P L e-^cD^fgifS^^ 
RSJJB3 a<D/¥£^2~3 nml§jg*CL/c*§^rk:fli/NC& 
0, SiBlcffiW Lrzm=PVy F 3 bKtcg^tca^OK 

t^mmwc^^jn^ -ft. *ra 

M3 aO/P2£r£6*<:3?< IT 1 nmggtcf^^ hu 

[0038] &±(Dmm*:£tzbz>£, 0 nc^-r*«i 

a^*ifi3tcfcl^T, ipHi3aOS5*l?Kyh3 

l\ $fcSEJULfc*?F-y F3 bHfcaH/^«?^«a 
g^W^tiSo C(0J:^&i^ i?Kyh3b(D 



(9) ^¥9-3 2 6 5 0 6 

/6 

[0 0 3 9] 0 1 4*4. i?Ky F3 bSJifltrSRUD 
Sffifflfi^ff^n^fi^F^ F 3 b<Dfl<h<DHf&£:^ 
to 0 1 4^#SB*T^tC, M^n5i?Kyh3b(?) 

a&D, ^^cmcf¥oT^p H ^n±^»^F^ hsstis 

[0 0 4 0] 

O^T, l¥lffltc:KW"rSo 0 1 5*4, *fgBj^ff! i ^SB 
0OlCj;£3Bft£V*-F2 OOM^to 0 1 
RK-rSJc, F2 0*4, (10 0) ffi^HfiS 

£tlfcn + ^G a A slfi2 1 ±*CflM£n. HUlfiG a 
A s gjfi 2 1 ±tCft§JWlC*4 400 — 500n m<DJP2 
t«l?n/cn + SGaAs/^y77i22^, itufE'^ 
777l2 2±(C, «»C(i3 0 0 nm<7)*^TM 
20 ^n/cn + SAlGaAs «fcD4SW7y FH 2 3 
fc, wiME^^y F12 3±*C*SW*C*4 1 0 0 nm<DW 
^(cM?n/cnf G a A s <fc5ft5T««jW2 4 

^r#^o ££*c, #^S2 4±*c*4, mmm^m&v- 

[0 0 4 l]l22-25(t Wl^ttfMB ES*C<£D, 
6 2 0° C<D*£fiffiT*flM2n£o «M»Lfc 

\H<Dh sl±^6 xi0' 6 Tor r tcR^SO^cfcV^ 
JO 12 5tf^S2ftfc». G aO«»*ittWfLT»«iaS 
##J;L*i:5 1 0° CIW^o ^^{c, HiJfB 5 1 0° 

A^SAL, 1. S^i^WF-T^InAsl^ 
95I2G a A si2 5±tctt»-r^o *>\frSif3»fc:3l 
#££>*C^3 0#HOTx-;^tf -5Ch*C^0. 2cfc: 
feKWUfc«fc-5*c. «l«^nfc I n A stt, GaAsl 
2 5±*C:fc^T, S^2 0nm, i9?^5nm^ 
tBH*c(BIHbrcfilcfi*2 6 b£rffM"f £<, 0 1 4#I&, 

[0 0 4 2] C<D<£?fCLTiI lit I nAsl26 
^0 b^ffM^n/cfS> BUHSG a A sl2 5±tC^4, tulS I 
nAsS26b*I^9t, f?^2-3nm^F 
-^G aAsJ:^^ll Il^f H 112 6 a tktimt 
%o frfr%mm<D&m, mZtf2-3 nmOG a A si 
2 6 a*tCg/»^2 0 nm, ig^/)^2 — 3 n mO I n 
AsIfK7h2 6 bWRlfdfiMSenSp 
*^**H«2 6 acO±i«*cffl\ fticSMSLT^ 
/c I n A sl2 6 b*4^JBL, H^^4>HII2 6 a COP 
^*CHSW*C^LV^2~3 nmlcgW^c 

[0 0 4 3] ^6*C tute I n A si2 6 b(DBl&twi 

so m*mm2 e a(omm%m?L&4imm*)ML. uas 
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a 2 6 b *<±t«c»w Ltcmmm^mM 2 6^ a i <o 

HOiSLOtt*. iWMtFWji 2 6 tt, ft2 0nm^)f 

[0 0 4 4] l^J:^^ 4>ITO2 6a0ff£a<g£j£ 
life I n A sS2 6 b^K^cfcOfe/hS^aMia 1 ?* 
2 6 F , yb26b fcL E±0£iJcD*^ K >y 

h 2 6 bi:BSfc»LTi^*Rr«tt#&So /c/c'U c 
©•*t?*>, «?Kyh2 6bfc«±09M)« : FKyh 

Mitogijtoa? K y F 2 6 b fc©B*c l HBMfPJiOG 
a A s 3b^SELTl/^PlHl14tfc^o 
[0 0 4 5] 0 1^K^*-HT^ ^^tCHufEffl 
■i?*l2 6±WfK-^G a A sl2 7 #«tfllS 
tl, f OltC pS G a A s «): 0 3&S±ffl»iSI 2 8 *5<fc 
tfp + 3SA 1 G a A s J:03S:S±«*5y FI2 9£\ 
^tl^n 1 2 0 nm£><£tf 3 0 0 n m<DJP£ 

?BtI2 9±(Cp + SGaAsiO^Wt^y 
13 0^ 5 0nm(Df$^M^n§ o 12 7-3 0 

[0 0 4 6] 5 C 5 lc LTff^?n/:SI^ 

SfttfliglCfcfLT. (983 G a A s/^77l2 2^14 

(LSlNW««3 3«B*Lfe», ^77712 2 
±tc«l£3l£\ $fcMIB**^:/Ji3 0±fc:«S3 2 

[0047] ^s«jao«3t^>r*-K"ej±, HtSC 

S^^^tc^L/cfi^F^ F 2 6 b^atg^BtcS 
ittCg^JU 7 7 KKl&^T^ 1 . 1 e V<Dl&&<D4E1% 

«r«BS-TSo $fcl/-Wt- K4 0<O«»fffiHtt. 

[0 0 4 8] Hi 6%^MTZ>1£, 
-AR^M^n, ^<7)*SJH, f-JfEffl/lS^fii^ 6te 
iStcSEJiJLfca^Ky F 2 6 bfc<fc9»/*3tt;fc^tii 
fc — UVF3fc£fco T tuf EfSMIft^ ^ ^ - A R Rtf £ 

[0 0 4 9] Sfc. H^«4*tt-r«*^ J»IE*5vKJl 

3 i tftmfomtcomicmffife?%:&f&LT$>&\,\ c 

^it^ti, U-Wt-F4 0(il«^DFBl/- 
•tf^V^-F^^^o HI 7tt. *«MO»3HS8Mtc 



(10) HIW9-3 2 6 5 0 6 

[0 0 5 0] ffiSEJtSU— F5 Om «@ 
3 2^U>^cM?n, BffiLfcG a A s 4^*y 7° 
13 0 Affile tiS*fK±M A R^JfM^n^o 
GaAsi2 4*3 < tyGaAsl2 8^b!)^ Ga 
A s h A 1 G a A s *£Hfc8MI L ^ 5 — £ LTftfflt 
^.124' , 2 8' /)W?n, 124' fcI28' £ 

/o 8' (Dmmmt, 124' o»«»£?)fc'>E:<-fSo 
[005 1] a^s«rirct±. sstcsjijLfca^F^ 

F 2 6 btCcfc DJgfiR^nfc^fi. M8attt«S*X«lc 

[0 0 5 2] HI 8tt, *56W<0»4^«iffi|fc:«fcSRH 
E T 6 O^M^to i 1 8^#it^tC, RHET 
6 0 (4, ¥*63itt G a A s Sffi 6 10(100) ^_L*C 
J1M£tU tulSSfe6 l±^M^tl/c#F-/GaA 
20 s < J:0&^777B6 2^ iiufS'W 7 7l 6 2 ±lc 
M^tl/cnS=ll/^^i6 3 fc, fufExiU^/f6 3 
±fcUBjS£ftfc# F-^A IGaAsJ:») ftS'^J 71 
6 4^m, 3ly^^i6 3±tC(i3U^^ti6 3 

[0 0 5 3] 3 1/^7^16 4_tfc:&. n^Ga AsctD 
4§^-Xl6 5^M^tl, $f)f^-Xi6 5±{r 
IfF-^A 1 A s«l:Dft5^U7l6 6i Zfrls 

50 =»S»?«iS6 6f4, *FWlnAs«SS<J:0*S 
i?K^h6 6bfc, Hutaa^F'V F£r«5 3f F-^A 
1 G a A s^1I6 6 a £ <fc 0 ft£>iM&J|£|R 0 Jg L« 
IL/ciMtU i?F7 F6 6 bfcfc*fifc:i6Sl6& 

[0 0 5 4] S6«*:SW«^»|Jfi6 6±tC&, ^F-y 
A 1 A s <fcS&3JjiJ(a^l)77l6 62 ^lt, 
InGaAs ( I n = 0. 05) iO^^x^ 7^16 
7»M?n, ££lc:i:^£B6 7_h^(in + §^G a 
Ascfc^^ + t7yi68W?Wo £/c. tufB 
40 XI6 SPlCte, ^-Xfi6 5A^ 

fg^^^7°l6 8^(ix^7^Il6 8 A^JgjS^n 

[0 0 5 5] iPtP&HHtftO) RHET Sm^fnJ^S 
^JL/cfi^ F»y h 6 6 b ^S^^lWc^ LTH?AW 

iB6 5K:&A£tU ^61C3L/^^I6 3tcliJjI-T£* 

•v uroisfin*. ^U7i6 4^/*-r^^-r>^-v;b 

50 £ c 
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[0056] u±<D&mmmT*mwLrzMmm?m&ic 

0 19fi\ 0 1 5<DmMmiC$5l^T, CCD^v^T^— 

m=¥-Fv F 2 6 b^^LT^|ISW^m-0»^F'y F 
2 6b' tf&f&2tlZ>Jo\ ^l)I?F7h26b' 
±tP|-T^x^;l/^X^^ F;i4i£^tc^<&££:#*6 
tl&a frfr£7--;bte:. 0 0° CTM ^Pb^t 

^^^i:^ 0 fctcl,, 0 1 9^. fttcl^bfcg^cfi 

[0 0 5 7] 02Ot2u #RK©S6**0Jfc:<fcS«i» 
h>WVt-F7 O^M^tiTS^o 0 2 0 
&mM*?&lc, nm F >^)W^*- F 7 0 It, (10 
0) ffi^r^^n + ^GaA sS«7 1 ±tC«^g^n, 
SS7 1 _kk:tej¥£^3 0 0 nm, ^^'J7M^5x 

1 0 ,s c m" 3 cOn + M G a A s /^y 7 y 7 2 t , J¥2^ 
5nm«K~^GaAsX^173i:, /?^^2 
nm^fK-^A IAsJ87 4 t^ «H^rit*n«o 

WIS A 1 A si7 4±£&. SK^e- Ftc£9 
JfM^n/c^F-^I n A s J:0 45iS$^5 nm« 
Ii7 5 a%mZ&3 nm^#F^G a A s ^ffflil 7 

5 b t?sa6ii/u^«!Jfi* 7 e s$ o 5g l rcmmm?Mm i 

SAWnSo 5tlc€>itt0flL/ccfc-5tc. 4^/17 5 b 
*«t«rrSIHfc:, InAs*SS7 5att^U ffl? 
#*IHJI7 5 bOJ¥2tc||JltfKc3f L<fc£ 0 
JlS?«ifi 7 5 VI*. I nAsl7 5a fcfcg* fclSEM 

K7h7 5 A^Jg^-r^o 

[0 0 5 8] C(D£5^LTBf$Ztltcmmm : 7'm&7 
5±teti, £ £>tcmt£ifi2 nmCO^K-yA 1 A sl7 
6*PHTTBU^I^«3Q:S01«^«|it7 7*«JB*ffn*o 
2 Suf affiB»?«j§ 7 7±lc«u 2 nm<D 

giJ^F-^A 1 A sl7 8fe<ktfff^^5 nm«F 
-7*G a A s«kOa5X^iJ-»7 9 #J«&8MiStU 
^6iC^t'J7W2 xlO ,9 cm-^n + ¥GaA 
s<J:^§3^^M80^ 5 0 nm(Dm^lcmm 

[0 0 5 9] CiOct LTM^nft^iliS 

02 iii8 2tH%mmtLTmm2n2>o 

[0 0 60] 12 1 tt. 02 0<D«SF>*;l/£V;*-- 

F<o»{f*itt^*rs^T*fcSo 02 lzmm-tzic, 0 

2 0(C/fxL/cA I Asl7 4, 7 6, 7 8Wf>y + 
/l/^Ur^ML, «?K*F«lifi7 5. 7 7<D£*t£ 



(10 WKI¥9 - 3 2 6 5 0 6 

[0 0 6 1 ] 02Ht 020 <D«i§*4>WS 8 1 *5<fc 
tf8 2^lB««ffiV«:fll4PLrctt!»«:^LT*5D. eft 

^r#oT«s»?«i§7 s^nit^ffitecfctfajBa^w 

3i7 7 (D 1 ^a®^fu^n + SGaA s /f 7 2^7x/b 

TH±, G a A s!7 2fr Sfta&SftSWffc. SJtB^ 1 
S^7 5£><£t;7 7**y Fxl/^ hn>i:LTil31 
U GaAsl8 0 tc£ijif ~T £ c CfttC#fU 0 2 1 CO 

<Di§jWifflil:£ft£o 
[0 0 6 2] 02 2 te, 0 2 0©tt*»h>^l/^^"— 
K7 0(0»ftWtt*^'ro H2 2*#Bg-r-SJC *pfrS 
*S/f fizgig 7 5. 7 7 tt F 7 F 7 5 A lefcttS 

i6s Klh>^W*-K7 0m Kii^LT 
0 2 2tC^T^t/c^tt^?f^2^7tcO^^U7 T P^i: 

[0 0 6 3] 02 3 A&, «Jlfi?#tifi7 5, 7 7 \Zl5 

^r, st/it^s, ttarag^s 1 o° c, <pmm7 5 

bC0/p^^2 nm^tf:|^PLX^7 F;l/^*T 0 
JteJ£U P LX^^ F;l/OaiJSii7 7° KK&^T. A 

[0 0 6 4] 02 3 Acfc^A^J;'?^ A r *f<D 

5, 7 7tfcW, it«fiS^r5 2 5° C, ^PeBJIOJP 
££:3 nmtl/cl^PLX^ F;l/«:^o 
[0065] 023 BlC&l^Tk, 02 3 A iifflffiiZW. 
i^P L If- ft* t!-^WPB^0 2 3 A 

K^§Li:^lftltl^ 0 0 2O<DiiiT*(t 0 
^0 2 1 BJc^-Tcfc^tc, a^ffiHB^rtK^ (LO) 7 
t/>^;l/^h/2 ;r • (olo(cHL<IS^LT^^ 

[0066] 02 4&mm-?z>ic. *5£m<D&nffcmic 
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[0 0 6 7] *»weti, if ¥SH*SB<o»imiK£: 
rp]±£i±£rc#, a^iwftoiBHi*. ¥sw*«a4>fc* 

tt* L O 7 * / yOX*;i/*t* L < Rgf « 0 ^<Dl& 

coo68] ai±(ommt. 020 <o#m v 

a A sil^MJtlfc I n A s cDftte: £ K> Bf&Z tiZ> 

[0 0 6 9] MAfcT, 0 1 5<7)«^C*5V^T. *ffflJl2 
6 a^rG a A s *fcliA 1 GaAstU If Fy F 2 
6b^InAs$fdiInGaAs4:lTfeM £ 
fc, 4^1/12 6a^GaAs, AlGaAs I n 

GaPi:U i?F7h26b^InAs, InP, G 
a S b&£W£ InGaSb^lt^^^o 

[0 0 7 0] MEIf h 2 6 I n A s cfcDffiS 
U HUi2*Kii2 6 a£; I n P <fc 0 AWM" 5 1§£\ §E& 
^fittl^fe^Tlf F7h2 6b(i:7. 6nmtDil? 
*WL, fi£oT. *Pb1H2 6 a££7. 6nmLXT<0» 
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n S b£0ffML*fyiJf 2 6a^GaSbGaSbJ:D 
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*&. HufSIf F 2 6 b(igMl«&fct^5 
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